INTRODUCTION
============

There is an increasing number of studies concerned with the individual variance of empathy, its neural correlate and consequences like altruistic behavior or conversely, antisocial behavior. Since the quantification of trait empathy is majorly depending on self-report data, a reliable and valid scale is needed to conduct elaborate studies based on individual difference of trait empathy.

The most of widely used scales are developed based on the concept of multifaceted empathy, which suggests that empathy consists of several separate (but correlated) factors. Most of them divided the empathy into two broad facets, emotional (affective) empathy and cognitive empathy \[[@b1-pi-2019-06-25]-[@b3-pi-2019-06-25]\]. Cognitive empathy is the ability to aware others' mental state, includes active imagination and putting oneself to other's position. Emotional (affective) empathy can be defined as the ability to experience the perceived emotional state of others, and usually includes the visceral reaction to other's emotional states. Emerging evidences support the orthogonality of those two facets of empathy come from functional neuroimaging studies \[[@b4-pi-2019-06-25],[@b5-pi-2019-06-25]\], lesion studies lesion studies \[[@b6-pi-2019-06-25],[@b7-pi-2019-06-25]\], and studies on psychiatric patients \[[@b8-pi-2019-06-25]-[@b10-pi-2019-06-25]\].

However, several studies suggested three-component model of empathy \[[@b11-pi-2019-06-25],[@b12-pi-2019-06-25]\]. For example, Blair \[[@b11-pi-2019-06-25]\] suggested that empathy is separable into cognitive, affective, and motor empathy. Motor empathy, also known as, somatic empathy can be defined as "the tendency to automatically mimic and synchronize facial expressions, vocalizations, postures, and movements with those of another person." \[[@b11-pi-2019-06-25]\] Following Hatfield and colleagues' conceptualization of emotional contagion \[[@b13-pi-2019-06-25]\], Blair \[[@b11-pi-2019-06-25]\] argues that somatic(motor) empathy serve as a vehicle for emotional contagion.

Somatic (motor) empathy is usually considered as a part of emotional empathy, but there are several good reasons for teasing apart the somatic (motor) empathy from emotional empathy. First, there are evidences that observing others' emotional expression causes motor mimicry without explicit emotional experience. For example, 30 ms subliminal exposure of others' facial expression is not sufficient to elicit explicit emotional response, but distinctive facial mimicry was observed without the conscious perception of the stimuli \[[@b14-pi-2019-06-25]\]. Second, interconnected but different neural systems seem to underly motor empathy and emotional empathy processes. Carr and colleagues \[[@b15-pi-2019-06-25]\] suggested the pathway across human mirror neuron system to limbic system through anterior insula as a key network of emotional empathy. Although human mirroring network including inferior frontal and superior temporal cortices seem to deeply involve in empathy process \[[@b16-pi-2019-06-25]\], it also mediates mere intentional or communicative movements without emotional content \[[@b17-pi-2019-06-25]\]. Third, for the more primitive forms of motor resonance described above, they are not followed by vicarious emotional experience, but related to individual variance of trait empathy. For instance, the degree of automatic mimicry to others' emotional expression measured by facial electromyography correlates with trait emotional empathy \[[@b18-pi-2019-06-25],[@b19-pi-2019-06-25]\].

In attempt to address the necessity of consider somatic facet separate from affective facet of empathy, Raine and Chen \[[@b20-pi-2019-06-25]\] developed a novel self-report tool, Cognitive, Affective, and Somatic Empathy Scales (CASES). CASES shown high validity in the previous studies. The initial development study recruited 428 children in USA (11--12 years, 79.9% African American, 12.4% Caucasian) \[[@b20-pi-2019-06-25]\]. In initial study, the internal consistency for the total score was 0.91, and the internal reliability for the three facets are (0.78--0.81) \[[@b20-pi-2019-06-25]\]. Liu and colleagues \[[@b21-pi-2019-06-25]\] developed a Chinese version of CASES. The validation study was conducted 860 Chinese children (mean age 11.54) shown high (0.92) internal constancy as a whole scale and 0.79--86 for three facets \[[@b21-pi-2019-06-25]\].

The current study hypothesized that, cognitive empathy of CASES-K will correlate with the subsets of other scales reflecting cognitive facet of empathy \[Perspective Taking (PT) and Fantasy (FS) of Interpersonal Reactivity Index (IRI), Cognitive Empathy (CE) of Empathy Quotient (EQ)\], and affective and somatic empathy will correlate with the subsets reflecting affective facet of empathy \[Empathic Concern (EC) and Personal Distress (PD) of IRI, Emotional Empathy (EE) of EQ, and the total scores and subsets of Emotional Contagion Scale (ECS)\]. Also, the study tested the hypothesis that three factor model of empathy will show better fit compare to one factor or two factor models in Confirmatory Factor Analysis (CFA).

METHODS
=======

Participants
------------

Total 350 participants were recruited from Korea University via online advertisement. 2 samples were excluded due to incomplete response. Among 348 participants included in the study, 172 (49.5%, mean age=22.74) were female and 176 (50.5%, mean age=21.51) was male. 44 participants among them (50% was male, mean age=22.66) answered additional trait empathy questionnaires (IRI, EQ, and ECS) to assess construct validity of CASES-K. The study was approved by IRB of Korea University (1040548-KU-IRB-15-26-A-2).

Translation
-----------

Original version of CASES was developed using 118 empathy questions \[[@b20-pi-2019-06-25]\]. The final version includes 30 items and intended to produce a three-factor model reflects cognitive, affective and somatic facet of empathy, and two-factor model consists of positive and negative valence. The original author approved the translation and validation of Korean version. The translation procedure followed the standard translation and back-translation procedure suggested by Brislin \[[@b22-pi-2019-06-25]\].

The authors translated the questions from English to Korean. The monolingual Korean reviewed and corrected the translated Korean version for ambiguous or unnatural expressions. Then the Korean version back-translated into English and reviewed by the original authors to find any discrepancies or inconsistencies. Mistranslations were corrected through second back-translation.

Measures
--------

### CASES-K

30 items CASES-K translated as above procedure was used.

### Korean Version of Interpersonal Reactivity Index

Interpersonal Reactivity Index (IRI) is one of the most widely used self-report measure of trait empathy. IRI consists of 28 items designed to assess empathic trait, which can be divided in four components (PT, FS, EC, PD), suggested by Davis \[[@b2-pi-2019-06-25]\]. PT and FS considered as cognitive facet, and EC and PD are regarded as affective facet of empathy. The Korean version of IRI was translated and validated by Kang and colleagues \[[@b23-pi-2019-06-25]\]. The Cronbach's alpha of the Korean version was 0.80 in validation study \[[@b23-pi-2019-06-25]\] and 0.74 in current study.

### Korean Version of Empathy Quotient

EQ was first developed to assess the individual variance of empathic trait as a spectrum across individuals with highfunction autism or Asperger to highly empathic ones \[[@b1-pi-2019-06-25]\]. Including 20 filter items, EQ consists of 60 four-point Likert-style questions. EQ was translated and validated in Korean population by Kim and Lee \[[@b24-pi-2019-06-25]\]. The Cronbach's alpha was 0.92 in the initial development study conducted on 197 adult sample. The Cronbach's alpha in Korean validation study was 0.78 in validation study \[[@b24-pi-2019-06-25]\] and 0.69 in current study.

### Korean version of Emotion Contagion Scale (ECS-K)

Emotion Contagion Scale was developed by Doherty \[[@b25-pi-2019-06-25]\], based on the concept of emotion contagion \[[@b26-pi-2019-06-25]\]. It assumes that the mimicry generates afferent feedback, and the individual variance of the processes determines the susceptibility to others' emotions. ECS consists of 15 items and contains the response toward five emotions of others. Korean version was translated and validated by Kim and Lee \[[@b27-pi-2019-06-25]\]. The confirmatory factor analysis study reported unidimensional factor structure \[[@b28-pi-2019-06-25]\], but the result from Korean version validation supported two-factors structure consists in positive and negative valence. The initial study on 226 college students reported Cronbach's alpha as 0.90 \[[@b25-pi-2019-06-25]\]. Korean version reported 0.83 \[[@b27-pi-2019-06-25]\], and 0.835 in current study.

Statistical analysis
--------------------

Statistical analyses were conducted using SPSS (version 24, IBM Corp., Armonk, NY, USA) and lavaan package \[[@b29-pi-2019-06-25]\] in R (version 3.4.2, R Foundation for Statistical Computing, Vienna, Austria). To test internal consistency, Cronbach's alpha was calculated. The correlation with other widely-used trait empathy scales (IRI, EQ) were tested to assess construct validity. Confirmatory factor analysis with maximum likelihood estimation was conducted using lavaan package in R. Total three models suggested in initial development-Three factor (cognitive, affective, somatic), two-factor (positive, negative), one factor (overall empathy)-were tested.

Model fit was assessed using multiple goodness-of-fit indices (RMSEA, SRMR, CFI, and chi-square divided by degrees of freedom), since there is no single index reflects desirable features of model \[[@b30-pi-2019-06-25]\]. First, the root mean square error approximation (RMSEA) was calculated. RMSEA is an estimate of the discrepancy between the model and the data per degree of freedom for the model. RMSEA scores that are closer to 0 are preferred, and models with 0.05 are deemed adequate \[[@b31-pi-2019-06-25]\]. Second, the standardized root mean residual (SRMR) was assessed. SRMR is an absolute index of the discrepancy between reproduced and observed correlations. Similar to RMSEA, lower values are preferred in SRMR, and 0.08 or lower suggests an adequate fitting model \[[@b32-pi-2019-06-25],[@b33-pi-2019-06-25]\]. Third, the comparative fit index (CFI), a measure of model fit relative to baseline model, whose variables are entirely controlled \[[@b34-pi-2019-06-25]\]. For CFI, 0.95 or higher is considered as adequate model fit \[[@b33-pi-2019-06-25]\]. Lastly, the chi-square divided by degrees of freedom (χ^2^ /df) was calculated. The value less than 3 was considered as "good" model fit \[[@b33-pi-2019-06-25]\].

To compare the model fit between three suggested models, the χ^2^ difference test with the Satorra-Bentler scaling correction was used. Significant χ^2^ difference suggests that the less constrained model fits the data better than the more constrained model, as the model fit is significantly improved after some parameters are allowed to be freely estimated instead of being constrained \[[@b35-pi-2019-06-25]\].

RESULTS
=======

Descriptive statistics
----------------------

The mean score of CASES-K was 76,85 and the standard deviation was 8.54. The normality of the scale considered satisfactory, as the skewness (total: -0.683, from -1.283 to -0.507 for subscales) and kurtosis (total: 0.077, from -0.484 to 1.976 for subscales) are fulfill the normality requirements \[[@b36-pi-2019-06-25]\].

Internal reliability and construct validity
-------------------------------------------

For the entire scale, the internal validity measured by Cronbach's alpha was 0.89 ([Table 1](#t1-pi-2019-06-25){ref-type="table"}). In three factor model, the internal validities of subscales are all satisfactory (0.76--0.80). In two factor model, the internal validity indices of both positive (0.81) and negative (0.82) were also high. The construct validity was assessed by the correlation analysis with other measurements of same or similar psychological constructs like empathy and emotional contagion. [Table 2](#t2-pi-2019-06-25){ref-type="table"} shows correlations of the CASES-K with scores on other empathy questionnaires.

The CASES-K showed positive correlations with all three empathy scales (r=0.628 to 0.484). For the three factor model, affective empathy correlates with empathic concern (r=0.664, p\<0.001) and fantasy (r=0.499, p=0.001) subscales of IRI. No significant correlation was found between cognitive empathy and IRI subscales. Somatic empathy correlates with empathic concern (r=0.662, p\<0.001) and fantasy (r=0.566, p\<0.001). In the correlation analysis with EQ, positive correlation between affective empathy and emotional empathy subscale of EQ (r=0.417, p=-0.005) was found. Cognitive empathy correlates with all three subscales of EQ (r=0.360--0.696, p=0.016--\<0.001). Somatic empathy correlates with emotional empathy subscale (r=0.498, p=0.001). In the case of correlation with ECS, affective empathy was positively correlates with all subscales of ECS except anger. The correlation with cognitive empathy was not significant at all, and somatic empathy shows significant correlation with all subscales of ECS. For the two factor model, both positive and negative empathy in CASES-K positively correlates with EC and FS of IRI. Both subscales shown significant correlations with all subscales in EQ. Positive subscale correlates all ECS subscales except sadness. Negative empathy correlates with all.

Factor structures of CASES-K
----------------------------

Confirmatory factor analysis using maximum likelihood estimation was conducted to examine three models suggested in the initial development study \[[@b20-pi-2019-06-25]\], and Chinese validation study ([Figure 1](#f1-pi-2019-06-25){ref-type="fig"}) \[[@b21-pi-2019-06-25]\]. The model fit indices are presented in [Table 3](#t3-pi-2019-06-25){ref-type="table"}. The first model was a single factor model assumes a general empathy factor. The standardized factor loadings were all statistically significant (p\<0.001) with values ranging from 0.24 to 0.63 (mean=0.47). The second model was three factor model consists of affective, cognitive and somatic empathy which was the most supported model in previous studies \[[@b20-pi-2019-06-25],[@b21-pi-2019-06-25]\]. The standardized factor loading were all statistically significant (p\<0.001) with values ranging from 0.36 to 0.66 (mean=0.53), which close to suggested common minimum cutoff, 0.40 \[[@b34-pi-2019-06-25]\]. The third model consists two factors dividing the empathy phenomenon to ones toward positive and negative valence. The standardized factor loadings were all statistically significant (p\<0.001) with values ranging from 0.24 to 0.69 (mean=0.48).

The model fit demonstrates that three factor model fulfils the criteria as χ^2^/df\< 3.0, SRMR \<0.08 indicates the model is adequate but not optimal since the CFI (\<0.90) and RMSEA (\<0.06) criterion were not met. One factor and two factor model doesn't fulfil any criteria. The result of model comparison using Satorra-Bentler Scaled Δχ^2^ is described in the [Table 4](#t4-pi-2019-06-25){ref-type="table"}. Three factor model shown significantly better fit compare to one-factor model \[Δχ2 (3)=304.271, p\<0.001\] and Two-factor model \[Δχ2 (2)=262.372, p\<0.001\].

DISCUSSION
==========

The goal of current study was to develop the Korean version of CASES and assess its validity and reliability in Korean young adult. The study showed that the expected three-factor structure is replicated in Korean young adult sample. As the first application of CASES on adult, the results also established the usefulness of CASES in adult through demonstrating the acceptable reliability index and good construct validity.

Construct validity was ascertained by confirming several predicted relationships with other widely used scales of trait empathy. As expected, the affective empathy correlates with empathic concern in IRI. Interestingly, the correlation was not significant with personal distress, which measures the degree of "self-oriented feelings of personal anxiety and unease in intense interpersonal settings." \[[@b2-pi-2019-06-25]\] Unexpected positive correlation with fantasy subscale was also observed. The result may reflect the ambiguous property of some items of fantasy subscale of IRI like "I really get involved with the feelings of the characters in a novel," which cannot be conclude to belong to cognitive or affective empathy. In the correlation analysis with EQ, the affective empathy solely correlates with emotional empathy in EQ, and somatic empathy does so. However, Cognitive empathy correlates with all emotional, cognitive and somatic empathy in EQ. As expected, none of the correlation between cognitive empathy and ECS subscales were significant. In contrast, all subscales of ECS reflecting emotional contagion tendency toward five emotions showed positive correlation with both affective and somatic empathy. The result indicates newly derived somatic empathy factor reflects certain aspect of empathy, different from cognitive facet, although how those two facets are different each other is still unclear.

The result in two factor model (positive and negative empathy) is rather inconsistent. Among the other scales of trait empathy used in the current study, ECS was the only scale measured positive (Happiness, Love) and negative (Fear, Anger, Sadness) emotions. Positive empathy of CASES-K was positively correlated with all emotions except sadness (p=0.053), but the p-value for sadness was also marginal. Negative empathy of CASES-K was positively correlated with all emotions in ECS. Considering the tendency to being empathic toward positive and negative emotions are generally highly correlates \[[@b37-pi-2019-06-25]\], and share the neural correlates \[[@b38-pi-2019-06-25]\], the current finding indicates the dissociation of empathy toward two emotions via trait empathy is not supported.

The results of confirmatory factor analysis support the three-factor model as the most stable one with satisfactory loadings, which consistent with the initial development of English version \[[@b20-pi-2019-06-25]\], and the validation study of Chinese version \[[@b21-pi-2019-06-25]\]. Nevertheless, taken together with the correlation analysis, two factor model and one factor model are hardly supported.

In comparison to the previous two studies conducted on children \[[@b20-pi-2019-06-25],[@b21-pi-2019-06-25]\], the model fits are not good as ones of those studies. All the models of initial study reported acceptable range of CFI values (0.89--0.84), and RMSEA index (0.43--0.52) \[[@b20-pi-2019-06-25]\], and the Chinese validation study reported similar CFI (0.88--0.86), but higher RMSEA (0.53--0.57) \[[@b21-pi-2019-06-25]\]. Since RMSEA decreases when sample size increases \[[@b39-pi-2019-06-25]\], relatively small sample size may affect the higher RMSEA value of current study. The result is partially due to the items with relatively low factor loading is not excluded in current study. Many previous studies translated and validate the scales in Korean excluded the items with low factor loading. It helps to improve model fit, but make the comparison with the data collected from other languages.

The current study demonstrated the potential of CASES-K as novel tool for assessing individual variance of trait empathy among adult. Similar to the studies conducted on childrens, three factor model shown the best fit among the suggested models. The result supports the cross-cultural and cross-age generalizability of the three factor structure of empathy, which emphasizes the peculiarity of somatic facet of empathy. However, as mentioned above, model fits of current study are not good as ones from those studies.

Considering the interest in the individual difference of trait empathy and their effect on mental i.e. \[[@b40-pi-2019-06-25]\], and physical health i.e. \[[@b41-pi-2019-06-25]\], valid scale that can adequately assess each facet of empathy is very important. Especially, the CASES-K is expected to fulfill the needs to separately consider the somatic aspects from affective facet of empathy in future neuroscientific and psychophysiological studies.

Limitations
-----------

Although current study indicates the potential of CASES-K, this study included only young adult group recruited from university. To extend the usability of the scale, future studies including wider age range and socioeconomic status is needed.

Importantly, the distinct characteristic of CASES is considering somatic empathy separately from emotional empathy. To ensure construct validity of somatic empathy of CASES, it should be tested, whether the somatic response toward others' emotional state is related to somatic empathy of CASES, and the relationship is reasonably orthogonal to ones with emotional empathy of CASES.

Conclusions
-----------

Current study is the first psychometrical validation of CASES in young adult population, and indicates the possible usage of CASES-K as a valid measurement of trait empathy. The result of confirmatory factor analysis supported the three-factor structure suggested in initial development study of English version \[20.\] It indicates the three-factor structure is valid across culture \[[@b21-pi-2019-06-25]\] and age. As an instrument assess all three forms of empathy \[[@b12-pi-2019-06-25]\], CASES-K could be used for advancing the neuroscientific and psychiatric research on empathy and its deficit as a valid index of trait empathy.

This research was supported by NRF grants NRF-2018R1D1A1B07048820 and 2017M3C7A1041824.

The authors have no potential conflicts of interest to disclose.

**Author Contributions**

Conceptualization: Yeo Eun Park, June Kang. Data curation: Yeo Eun Park, So Young Kim, John Williamson. Formal analysis: Yeo Eun Park, June Kang. Funding acquisition: June Kang. Investigation: Yeo Eun Park. Methodology: June Kang. Project administration: June Kang. Resources: June Kang, So Young Kim. Software: June Kang. Supervision: June Kang. Validation: June Kang, So Young Kim. Visualization: June Kang. Writing---original draft: Yeo Eun Park, June Kang. Writing---review & editing: June Kang, Ho-Kyoung Yoon.

![Suggested models of CASES. A: Three factor model. B: One factor model. C: Two factor model. CASES: The Cognitive, Affective, and Somatic Empathy Scale.](pi-2019-06-25f1){#f1-pi-2019-06-25}

###### 

Descriptive statistics of CASES-K (N=348)

                        Mean (SD)      Skewness   Kurtosis   Cronbach's Alpha
  --------------------- -------------- ---------- ---------- ------------------
  Single factor model                                        
   Total (30)           76.85 (8.54)   -0.683     0.077      0.89
  Three factor model                                         
   Affective (10)       26.27 (3.22)   -1.283     1.976      0.76
   Cognitive (10)       25.86 (3.14)   -0.597     -0.484     0.80
   Somatic (10)         24.71 (3.77)   -0.628     -0.110     0.80
  Two factor model                                           
   Positive (15)        38.35 (4.50)   -0.507     -0.432     0.81
   Negative (15)        38.49 (4.62)   -0.791     0.396      0.82

CASES-K: Korean version of The Cognitive, Affective, and Somatic Empathy Scale

###### 

Pearson's correlations between the CASES-K and other trait empathy scales

  CASES-K       CASES-K                                                   IRI                                                       EQ                                                        ECS                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
  ------------- --------------------------------------------------------- --------------------------------------------------------- --------------------------------------------------------- --------------------------------------------------------- --------------------------------------------------------- --------------------------------------------------------- --------------------------------------------------------- --------------------------------------------------------- -------- ------- --------------------------------------------------------- --------------------------------------------------------- --------------------------------------------------------- --------------------------------------------------------- --------------------------------------------------------- --------------------------------------------------------- --------------------------------------------------------- --------------------------------------------------------- --------------------------------------------------------- --------------------------------------------------------- ---------------------------------------------------------
  Total score   1                                                         0.858^[\*\*](#tfn2-pi-2019-06-25){ref-type="table-fn"}^   0.697^[\*\*](#tfn2-pi-2019-06-25){ref-type="table-fn"}^   0.922^[\*\*](#tfn2-pi-2019-06-25){ref-type="table-fn"}^   0.921^[\*\*](#tfn2-pi-2019-06-25){ref-type="table-fn"}^   0.922^[\*\*](#tfn2-pi-2019-06-25){ref-type="table-fn"}^   0.488^[\*\*](#tfn2-pi-2019-06-25){ref-type="table-fn"}^   0.614^[\*\*](#tfn2-pi-2019-06-25){ref-type="table-fn"}^   0.147    0.126   0.504^[\*\*](#tfn2-pi-2019-06-25){ref-type="table-fn"}^   0.484^[\*\*](#tfn2-pi-2019-06-25){ref-type="table-fn"}^   0.369^[\*](#tfn1-pi-2019-06-25){ref-type="table-fn"}^     0.516^[\*\*](#tfn2-pi-2019-06-25){ref-type="table-fn"}^   0.416^[\*\*](#tfn2-pi-2019-06-25){ref-type="table-fn"}^   0.628^[\*\*](#tfn2-pi-2019-06-25){ref-type="table-fn"}^   0.392^[\*\*](#tfn2-pi-2019-06-25){ref-type="table-fn"}^   0.551^[\*\*](#tfn2-pi-2019-06-25){ref-type="table-fn"}^   0.451^[\*\*](#tfn2-pi-2019-06-25){ref-type="table-fn"}^   0.379^[\*](#tfn1-pi-2019-06-25){ref-type="table-fn"}^     0.447^[\*\*](#tfn2-pi-2019-06-25){ref-type="table-fn"}^
                0.000                                                     0.000                                                     0.000                                                     0.000                                                     0.000                                                     0.001                                                     0.000                                                     0.341                                                     0.415    0.000   0.001                                                     0.014                                                     0.000                                                     0.005                                                     0.000                                                     0.009                                                     0.000                                                     0.002                                                     0.011                                                     0.002                                                     
  Affective     0.858^[\*\*](#tfn2-pi-2019-06-25){ref-type="table-fn"}^   1                                                         0.322^[\*](#tfn1-pi-2019-06-25){ref-type="table-fn"}^     0.793^[\*\*](#tfn2-pi-2019-06-25){ref-type="table-fn"}^   0.803^[\*\*](#tfn2-pi-2019-06-25){ref-type="table-fn"}^   0.778^[\*\*](#tfn2-pi-2019-06-25){ref-type="table-fn"}^   0.535^[\*\*](#tfn2-pi-2019-06-25){ref-type="table-fn"}^   0.664^[\*\*](#tfn2-pi-2019-06-25){ref-type="table-fn"}^   0.219    0.141   0.499^[\*\*](#tfn2-pi-2019-06-25){ref-type="table-fn"}^   0.239                                                     0.028                                                     0.417^[\*\*](#tfn2-pi-2019-06-25){ref-type="table-fn"}^   0.255                                                     0.601^[\*\*](#tfn2-pi-2019-06-25){ref-type="table-fn"}^   0.352^[\*](#tfn1-pi-2019-06-25){ref-type="table-fn"}^     0.667^[\*\*](#tfn2-pi-2019-06-25){ref-type="table-fn"}^   0.429^[\*\*](#tfn2-pi-2019-06-25){ref-type="table-fn"}^   0.242                                                     0.391^[\*\*](#tfn2-pi-2019-06-25){ref-type="table-fn"}^
  0.000                                                                   0.033                                                     0.000                                                     0.000                                                     0.000                                                     0.000                                                     0.000                                                     0.153                                                     0.361    0.001   0.118                                                     0.859                                                     0.005                                                     0.094                                                     0.000                                                     0.019                                                     0.000                                                     0.004                                                     0.114                                                     0.009                                                     
  Cognitive     0.697^[\*\*](#tfn2-pi-2019-06-25){ref-type="table-fn"}^   0.322^[\*](#tfn1-pi-2019-06-25){ref-type="table-fn"}^     1                                                         0.459^[\*\*](#tfn2-pi-2019-06-25){ref-type="table-fn"}^   0.670^[\*\*](#tfn2-pi-2019-06-25){ref-type="table-fn"}^   0.615^[\*\*](#tfn2-pi-2019-06-25){ref-type="table-fn"}^   0.112                                                     0.169                                                     -0.155   0.184   0.160                                                     0.628^[\*\*](#tfn2-pi-2019-06-25){ref-type="table-fn"}^   0.696^[\*\*](#tfn2-pi-2019-06-25){ref-type="table-fn"}^   0.360^[\*](#tfn1-pi-2019-06-25){ref-type="table-fn"}^     0.551^[\*\*](#tfn2-pi-2019-06-25){ref-type="table-fn"}^   0.230                                                     0.137                                                     0.092                                                     0.239                                                     0.262                                                     0.137
  0.000         0.033                                                                                                               0.002                                                     0.000                                                     0.000                                                     0.469                                                     0.274                                                     0.314                                                     0.233    0.300   0.000                                                     0.000                                                     0.016                                                     0.000                                                     0.132                                                     0.377                                                     0.554                                                     0.119                                                     0.086                                                     0.376                                                     
  Somatic       0.922^[\*\*](#tfn2-pi-2019-06-25){ref-type="table-fn"}^   0.793^[\*\*](#tfn2-pi-2019-06-25){ref-type="table-fn"}^   0.459^[\*\*](#tfn2-pi-2019-06-25){ref-type="table-fn"}^   1                                                         0.816^[\*\*](#tfn2-pi-2019-06-25){ref-type="table-fn"}^   0.884^[\*\*](#tfn2-pi-2019-06-25){ref-type="table-fn"}^   0.538^[\*\*](#tfn2-pi-2019-06-25){ref-type="table-fn"}^   0.662^[\*\*](#tfn2-pi-2019-06-25){ref-type="table-fn"}^   0.266    0.010   0.566^[\*\*](#tfn2-pi-2019-06-25){ref-type="table-fn"}^   0.360^[\*](#tfn1-pi-2019-06-25){ref-type="table-fn"}^     0.229                                                     0.498^[\*\*](#tfn2-pi-2019-06-25){ref-type="table-fn"}^   0.257                                                     0.696^[\*\*](#tfn2-pi-2019-06-25){ref-type="table-fn"}^   0.460^[\*\*](#tfn2-pi-2019-06-25){ref-type="table-fn"}^   0.583^[\*\*](#tfn2-pi-2019-06-25){ref-type="table-fn"}^   0.442^[\*\*](#tfn2-pi-2019-06-25){ref-type="table-fn"}^   0.423^[\*\*](#tfn2-pi-2019-06-25){ref-type="table-fn"}^   0.549^[\*\*](#tfn2-pi-2019-06-25){ref-type="table-fn"}^
  0.000         0.000                                                     0.002                                                                                                               0.000                                                     0.000                                                     0.000                                                     0.000                                                     0.080                                                     0.948    0.000   0.016                                                     0.135                                                     0.001                                                     0.092                                                     0.000                                                     0.002                                                     0.000                                                     0.003                                                     0.004                                                     0.000                                                     
  Positive      0.921^[\*\*](#tfn2-pi-2019-06-25){ref-type="table-fn"}^   0.803^[\*\*](#tfn2-pi-2019-06-25){ref-type="table-fn"}^   0.670^[\*\*](#tfn2-pi-2019-06-25){ref-type="table-fn"}^   0.816^[\*\*](#tfn2-pi-2019-06-25){ref-type="table-fn"}^   1                                                         0.698^[\*\*](#tfn2-pi-2019-06-25){ref-type="table-fn"}^   0.492^[\*\*](#tfn2-pi-2019-06-25){ref-type="table-fn"}^   0.621^[\*\*](#tfn2-pi-2019-06-25){ref-type="table-fn"}^   0.030    0.228   0.543^[\*\*](#tfn2-pi-2019-06-25){ref-type="table-fn"}^   0.493^[\*\*](#tfn2-pi-2019-06-25){ref-type="table-fn"}^   0.343^[\*](#tfn1-pi-2019-06-25){ref-type="table-fn"}^     0.514^[\*\*](#tfn2-pi-2019-06-25){ref-type="table-fn"}^   0.455^[\*\*](#tfn2-pi-2019-06-25){ref-type="table-fn"}^   0.555^[\*\*](#tfn2-pi-2019-06-25){ref-type="table-fn"}^   0.393^[\*\*](#tfn2-pi-2019-06-25){ref-type="table-fn"}^   0.491^[\*\*](#tfn2-pi-2019-06-25){ref-type="table-fn"}^   0.441^[\*\*](#tfn2-pi-2019-06-25){ref-type="table-fn"}^   0.374^[\*](#tfn1-pi-2019-06-25){ref-type="table-fn"}^     0.293
  0.000         0.000                                                     0.000                                                     0.000                                                                                                               0.000                                                     0.001                                                     0.000                                                     0.844                                                     0.137    0.000   0.001                                                     0.023                                                     0.000                                                     0.002                                                     0.000                                                     0.008                                                     0.001                                                     0.003                                                     0.012                                                     0.053                                                     
  Negative      0.922^[\*\*](#tfn2-pi-2019-06-25){ref-type="table-fn"}^   0.778^[\*\*](#tfn2-pi-2019-06-25){ref-type="table-fn"}^   0.615^[\*\*](#tfn2-pi-2019-06-25){ref-type="table-fn"}^   0.884^[\*\*](#tfn2-pi-2019-06-25){ref-type="table-fn"}^   0.698^[\*\*](#tfn2-pi-2019-06-25){ref-type="table-fn"}^   1                                                         0.408^[\*\*](#tfn2-pi-2019-06-25){ref-type="table-fn"}^   0.511^[\*\*](#tfn2-pi-2019-06-25){ref-type="table-fn"}^   0.240    0.005   0.387^[\*\*](#tfn2-pi-2019-06-25){ref-type="table-fn"}^   0.400^[\*\*](#tfn2-pi-2019-06-25){ref-type="table-fn"}^   0.338^[\*](#tfn1-pi-2019-06-25){ref-type="table-fn"}^     0.437^[\*\*](#tfn2-pi-2019-06-25){ref-type="table-fn"}^   0.312^[\*](#tfn1-pi-2019-06-25){ref-type="table-fn"}^     0.602^[\*\*](#tfn2-pi-2019-06-25){ref-type="table-fn"}^   0.329^[\*](#tfn1-pi-2019-06-25){ref-type="table-fn"}^     0.525^[\*\*](#tfn2-pi-2019-06-25){ref-type="table-fn"}^   0.390^[\*\*](#tfn2-pi-2019-06-25){ref-type="table-fn"}^   0.325^[\*](#tfn1-pi-2019-06-25){ref-type="table-fn"}^     0.530^[\*\*](#tfn2-pi-2019-06-25){ref-type="table-fn"}^
  0.000         0.000                                                     0.000                                                     0.000                                                     0.000                                                                                                               0.006                                                     0.000                                                     0.117                                                     0.974    0.009   0.007                                                     0.025                                                     0.003                                                     0.039                                                     0.000                                                     0.029                                                     0.000                                                     0.009                                                     0.031                                                     0.000                                                     

p\<0.05,

p\<0.01.

CASES-K: Korean version of The Cognitive, Affective, and Somatic Empathy Scale, IRI: Interpersonal Reactivity Index, EQ: Empathy Quotient, ECS: Emotion Contagion Scale, T: Total Score, EC: Empathic Concern, PD: Personal Distress, PT: Perspective Taking, FS: Fantasy, C: Cognitive Empathy, E: Emotional Empahy, S: Social Skill, H: Happiness, L: Love, F: Fear, A: Angry, S: Sad

###### 

Model fit indices of confirmatory factor analysis

  Model                                                  χ^2^       df    χ^2^/df   CFI     RMSEA (95%CI)          SRMR
  ------------------------------------------------------ ---------- ----- --------- ------- ---------------------- -------
  One-factor model (Empathy)                             1411.137   405   3.484     0.658   0.084 (0.080--0.089)   0.081
  Three-factor model (Affective, Cognitive, & Somatic)   1106.866   402   2.753     0.761   0.071 (0.066--0.076)   0.069
  Two-factor model (Positive vs. Negative)               1369.238   404   3.389     0.672   0.083 (0.078--0.088)   0.082

CFI: comparative fit index, RMSEA: root mean square error of approximation, SRMR: standardized root mean squared residual, CI: confidence interval

###### 

Model comparison

  Model                                     Satorra-Bentler Scaled Δχ^2^   df   p
  ----------------------------------------- ------------------------------ ---- ---------
  Three-factor model vs. one-factor model   304.271                        3    \<0.001
  Three-factor model vs. two-factor model   262.372                        2    \<0.001
  Two-factor model vs. One-factor model     41.90                          1    \<0.001
